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Abstract 
Wireless sensor network consists of number of sensor nodes with sensing and communication capabilities. Sensor nodes are 

battery powered so if the energy consumption of sensor node is high it leads to low network lifetime. The sensor nodes are 

organized into clusters and each cluster has Cluster Head (CH). Cluster Head Data Transmission method can reduce the number 

of data transmissions and balance the traffic load throughout networks. Within the cluster, the nodes transmit the sensed data 

directly to the cluster head, after that cluster head transmits data to sink. It reduces the number of transmissions of the network. 

The relationship between the size of the clusters and number of transmissions can be analyzed to find the optimal size of clusters 

that leads to minimum number of transmissions. Finally a distributed implementation of the clustering method is presented and 

the lifetime of the sensor networks will be increased. This work will provide a secure data transmission for cluster based wireless 

sensor networks in future.  
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1. Introduction 
 

Wireless sensor networks [1] are used in variety of applications, such as temperature, humidity monitoring, forest 

fire detection, land slide detection, animal monitoring, and medical monitoring. Wireless sensor network is 

composed of more number of sensor nodes. Sensor nodes are battery powered so the energy consumption should be 

minimized for long lifetime. In WSN the sensor nodes are periodically transmit the sensed data to sink. This data 

communication contributes majority of energy consumption of sensor nodes [2]. So it is important to reduce the 

number of data transmission in sensor networks. The sensors nodes are transmit data to sink through single hop or 

multi hop [3]. Each sensor node consists of several parts, some important parts are transceiver, it consists of internal 

antenna and external antenna, it is used for transmitting and receiving data from other nodes. Microcontroller, the 

controller performs tasks, processes data and controls the functionality of other components in the sensor node. The 

possible choices of transmitting data in wireless network are infrared, optical communication, radio frequency. 

Optical communication uses laser for communication it needs direct line of sight, it is sensitive to atmospheric 

condition, infrared also like lasers, so radio frequency is used in most of the wireless sensor network applications. 

 

The sensing field is divided into groups i.e., clusters. Each cluster has cluster head. The sensor nodes within cluster 

transmit data to cluster head.CH aggregates the data and transmit to sink. Data gathering is defined as collection of 

data from multiple nodes to be eventually transmitted to sink. In order to reduce the amount of sensing data we need 
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to compress the data inside network. Data aggregation [4] usually involves the fusion of data from multiple sensors 

at intermediate nodes and transmission of the aggregated data to the base station (sink). 

 

Usually CHs are formed a tree structure to transmit aggregated data by multi-hopping through other CHs which 

results in significant energy savings. Clustering routing scheme is more convenient for network topology control and 

it is responding to mobility of nodes, increasing nodes, node failure. A clustering routing scheme only needs to cope 

with these changes within individual clusters, thus the entire network is more robust and more convenient for 

management. In order to share the CH responsibility, CHs are generally rotated among all the sensor nodes to avoid 

the single point of failure in clustering routing algorithms. Load balancing is an important consideration in the 

lifetime of WSN. The major issue of WSN is energy consumption because sensors are battery powered. Proper 

formation of clustering should reduce the energy consumption on the network thus it increases the lifetime of 

network. 

 

2.Characteristics of cluster 

Two types of clustering schemes are available one is fixed, another one is variable. In fixed clustering scheme set of 

cluster heads are predetermined and the clusters are fixed. But in practical clusters are variable so it must response to 

the changes in clusters. In this cluster head is selected randomly or it follows some rules.  

Intra-cluster communication: Within cluster, communication between the sensor nodes and cluster header is known 

as intra-cluster communication. 

Inter-cluster communication: Between clusters, communication between CHs or CH to sink is known as inter-cluster 

communication. 

2.1 Characteristics of cluster head  

Each cluster chooses a cluster head (CH).CH selection is based on the sum of distances from all nodes in the cluster. 

The total number of intra-cluster transmissions is the sum of the distance of all sensor nodes to their CHs. According 

to the mobility of nodes we need to choose new CH, such that the sum of distances from all nodes in this cluster to 

the new CH should be minimum. 

2.2 Parameters of CH election 

Based on parameters of CH election clustering approach in classified as: deterministic, random and adaptive. In 

deterministic schemes it involves the special inherent attributes such as identifier (ID), number of neighbor nodes 

they have. In adaptive manner it elects the CH based on residual energy, communication cost, weight. Random 

approach elects the CH randomly without considering any parameters like residual energy, communication cost. 

2.3 Clustering process 

Based on control manner of clustering, clustering routing method is classified as centralized, distributed, hybrid. In 

centralized method sink or CH requires all the information of the network or cluster to control the network or cluster 

respectively. In distributed method every sensor node knows it location via GPS or using some other localization 

technique. In this sink knows the area of sensing field, but it does not need to know the location of all sensor nodes, 

the sink divides the area into cluster and calculates the central point and the sensor node which is closest to central 

point become CH, then CH broadcast an advertisement message to a sensor nodes to invite the nodes to join in their 

cluster. Hybrid method combines both centralized and distributed method. 

3. Sensor nodes clustering for hybrid compressive sensing 

One important thing in large size network is to determine how big the cluster size should be. If the cluster size is too 

large, the number of transmissions required to collect the data from sensor node CH will be high. If the cluster size 

is small, the number of clusters in the network will be large, it increases inter cluster communication cost, so it is 
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necessary to determine optimal cluster size. Depending upon application we can divide the region into clusters. In 

some applications it assumes each sensor node knows it geographic location, this information is achieved via GPS or 

through some other localization techniques. In data gathering, tree leaf node relay fever packets to other nodes, but 

the node close to sink relay much more packets, so it reduces energy rapidly. Every node needs to transmit M 

packets for a set data N data items i.e., the total number of transmission for transmitting data is MN which is still 

large. In hybrid method [5], [6], the nodes close to tree leaf transmit the original data without using CS, the node 

close to sink apply CS for transmitting data to sink. 

 

Fig. 1 Data collection flow in cluster based structure 

Clustering methods has more advantages than tree method such as traffic load balancing, fault tolerance. Cluster 

method has better traffic load balancing capability than tree method; this is because when we divide into clusters the 

numbers of nodes in the clusters were balanced. 

As shown in Fig.1 the sensing field is divided into clusters, each cluster has individual cluster head (CH), each 

sensor node transmits the sensed information to the corresponding cluster head, each CH knows the projection 

vectors (in measurement matrix) of all nodes within its cluster. In real systems the measurement coefficient can be 

generated using pseudo random generator with the identifier of each node [7]. Using this identifier of nodes the 

measurement matrix can be easily decomposed at the sink. In sink the measurement matrix is divided into sub 

matrices, one for each cluster.  

In cluster network two levels of transmissions are available, intra cluster transmission and inter cluster transmission. 

In hybrid CS method, intra cluster transmissions do not use CS technique, and inter cluster transmissions use CS 

technique. Reducing the number of data transmissions can effectively reduces the energy consumption in network. 

The sensor nodes within the cluster transmit the data to cluster head via shortest path routing. If the cluster head is 

placed at corner of the cluster may increase intra cluster communication cost, we assume CH is located at the centre 

of cluster; it gives minimal number of transmission cost when the nodes are uniformly distributed. Consider the 

small grids inside a cluster square as shown in Fig. 2. In this the nodes in the centre grid take one hop to transmit the 

data to cluster head, where the nodes in next layer transmit the data to cluster head in two hops, the node in third 

layer transmit the data to cluster head in three hop distances. Likewise the nodes in the hth layer take h hops to 

transmit the data to cluster head. 
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4. Transmission clustering algorithm 

4.1 Centralized clustering algorithm 

The sensor network is modeled by a graph G=‹V, E›, where V consists of sink node and sensor nodes. If two nodes 

are within a communication range then there is link between those two nodes. As centralized algorithm the sink has 

whole knowledge about the sensing field component and network topology. 

In centralized algorithm the sink is divide the region into clusters and choose one cluster head for each cluster and it 

construct a backbone tree that connects all the cluster heads to sink. This algorithm goes through minimum number 

of iteration to find out the cluster head. After completing these clustering and cluster head selection process, sink 

broadcast that information to all sensor nodes in the network. 

 
Fig. 2 The intracluster transmissions in the cluster-square, where the cluster head (CH) is located at the center 

Sensor nodes transmit the sensed information to cluster head via shortest path. The total number of intra cluster 

communication cost is the sum of all node distances in the cluster. Data collected from sensor node is compressed 

by CH using CS method. Data projections generated by each CH are transmitted to sink in M rounds along the 

backbone tree. At each CH in the backbone tree aggregates its own data projection with the received data projection 

and forward it towards the sink. Minimum spanning tree is constructed to connect all the CHs to the sink. 

 

4.2 Distributed implementation 

In distributed implementation we assume every node knows its geographic location information, this information 

can be obtained via GPS or some localization techniques [8], [9]. In this sink knows the whole sensing field and 

does not know the location information of all sensor nodes. Sink divides the area into clusters and finds the central 

point of cluster; sink broadcast this information to all sensor nodes to select CH. The sensor node close to central 

point is selected as CH. Then CH broadcast an advertisement message to sensor nodes to invite to join in their 

respective cluster. The sink needs to find the centre point of cluster, for this it first divides the sensing field into 

small grids. A virtual node is place at the centre of each grid. It is represented in Fig. 3. 

 
Fig. 3  An example of calculating central points of cluster area 
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5. Cluster head election 
 

Using localization technique we can determine the centre point of cluster. The sensor node close to central point will 

become CH. We do not know which node very close to central point. So the sink broadcast central point information 

in Hr transmission range from centre, the nodes present within this transmission range will become the CH 

candidate node. Each candidate node broadcast a message, it contains its identifier, location and identifier of its 

cluster. This Ch election message is not propagated more than 2H hops. After a particular time period, the node 

which has smallest distance to central point among all other candidate nodes elected as CH for that cluster. 

 

 

6. Sensor node clustering 
 

After selecting CH it broadcast an advertisement message to other nodes in sensing field. This advertisement 

message consists of its identifier, location and number of hops it has traveled. When a sensor nodes receives an 

advertisement message if the hop count to reach the CH is smaller than the recorded one means it updates this 

information including the previous hop node and number of hop to CH and it broadcasts that information to other 

nodes in the network, otherwise it discards the message. After completion of CH advertisement message each non-

CH node decides in which cluster it is going to join. This decision is based on number of hops to reach the CH. In 

some cases no sensor nodes fall within the transmission range from the central point, at this point the nodes accepts 

the invitation message from neighboring CH and becomes member of that corresponding CH. 

A backbone tree is constructed to connect all CHs. Through broadcasting of advertisement message each CH also 

receives advertisement message from other CH. So each Ch has the knowledge of other CH node in the network. 

Since sink needs to broadcast central information to all other nodes in the network, so all the nodes know the 

location of sink and hop distance to sink. After constructing backbone tree each CH, chooses the CH that has the 

minimum number of hops to it from the set of its upstream CHs as its parent CH in the backbone tree [10], [11]. 

Each CH transmits the projection to the parent CH along the backbone tree. When CH node fails the neighboring 

CH detects this failure and broadcast that information to other nodes in the network to elect a new CH. 

 

7. Evaluation of simulation result 
 

This hybrid CS can significantly reduce the number of data transmission. 

 

 
 

Fig. 4 The number of data transmission for different number of nodes 
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Fig. 4 shows number of transmission for different number of nodes. When compared to transmission without using 

compressive sensing method have more number of transmissions than compressive sensing method. 

 

 
 

Fig. 5 Average energy consumption 

Compressive sensing reduces number of data transmission on network, it reduces energy consumption of nodes, thus 

it increases network lifetime. Fig. 5 shows that average energy consumption of nodes in network. If all nodes 

separately transmit data to sink each node along the route will loss energy rapidly, where as applying CS technique 

to cluster based network reduces energy consumption of nodes. 

 

8. Conclusion 
 

Within the cluster, the appropriate data will be collected under cluster heads by using shortest path routing. Then 

find the optimal size of clusters leading to minimum number of transmissions. The information on locations and 

distribution of sensor nodes are used to design the data collection method in cluster structure. Extensive simulations 

confirm that method can reduce the number of transmissions significantly. The projections are forwarded to the sink 

following a backbone tree. The proposed analytical model studies the relationship between the size of clusters and 

number of transmissions in the hybrid CS method to find the optimal size of clusters that can lead to minimum 

number of transmissions. The centralized clustering algorithm based on the results obtained from the analytical 

model. This method significantly reduces the data transmission compared with these data collection methods. 
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